l Introduction
Analysis of fetal deaths prior to the onset of labor at the Maternidad "Santa Cristina 99 during the period from June 1972 to September 1974 suggested that cord complicationswere the probable cause of death in 62% of the cases. Similar findings have been reported by other centers [3, 18, 21] . In an attempttoreduce this number of antepartum fetal deaths we decided to monitor the fetal heart rate in patients admitted prior to labor (during the first 24 hours after admission). A decrease in the fetal heart rate resembling the pattern of early deceleration or type I dip was frequently seen. It is currently believed that this heart rate pattern is caused by compression of the fetal head during uterine contractions [l, 5, 11, 13, 15, 19] , This belief is based on clinical observations and experiments in human fetuses [l, 15] . At the time our patients were monitored, most had intact membranes and the fetal head was not engaged, or the presentation was by breech, making it very unlikely that the fetal head could be compressed during a uterine contraction.We therefore embarked on a search for an alternate explanation for these changes in fetal heart rate. The fetal heart rate pattern associated with cord compression has been described äs 'Variable 9 ' [11, 13] . This description alludes mainly to the different shape of successive decelerations (for their different amplitude and/or duration) äs well äs to the different time relationships between the onset of the contraction and the corresponding deceleration [5, 11, 13] . The variability of this pattern, when typical, is easily recognized over periods of 15 to 30 minutes of continuous recording. In our patients monitored during late pregnancy, this Variable" pattern was relätively infrequent. On the contrary, early decelerations following a rather non-variable pattern, were often seen in fetuses who later evidenced cord complications at birth. This suggested that compression of the umbilical cord might be causing the heart rate patterns which we were observing.Otherauthors have also proposed that early decelerations or type I dips could be related to compression of the umbilical cord [5, 22] or to other unknown factors [20] . In order to explore this possibility in greater detail we have analyzed the heart rate changes, in a selected group of patients during the late antepartum period, and related these to the presence or absence of umbilical cord complications at birth.
Material and methods
Patients in whom the fetal heart rate had been monitored during the antepartum period were selected on the basis of the following criteria: 1) intact membranes; 2) clinically normal amount of amniotic fluid; 3) unengaged vertex presentation or breech presentation and4)no cervical dilatation. These conditions were requested to diminish the likelihood of fetal head compression during uterine contractions. 5) An additional criterion for selecting the tracings was a minimum of 15 uterine contractions, either spontaneous or induced. The most common reason for admission prior to labor (34 out 45 patients) was prolonged pregnancy (over 42 weeks of amenorrhea). Other indications were toxemia -4 patients, diabetes -4 patients, heart disease -2 patients, and Rh isoimmunization. Gestational ages ranged from 37-44 weeks. None of the patients received any analgesic or anesthetic agents. Oxytocin* was given to induce or enhance uterine contractions, by continuous infusion at an initial rate of 10 mu/min, the dose being adjusted according to the needs in each case after the first 10 minutes of observation. The fetal heart rate was monitored over periods ranging from 24 hours to one week prior to delivery. Both uterine contractility and fetal heart rate were monitored using external techniques only, the fetal heart rate being monitored continuously by ultrasound**.
l Analysis of FHR tracings
The FHR tracings were analyzed for the occurrence and frequency of type I dips [5] or early decelerations [13] . Tracings showing typical variable or late decelerations [11] were not included. Early decelerations were defined äs follows: 1) Any transient deceleration occurring repeatedly with uterine contractions and having a lagtime between the nadir of FHR (point of maximal fall) and the peak of contraction between ±18 seconds, [5, 15] ; 2) when one contraction produced two successive falls (W-shaped) in the FHR, the nadir of the first fall wasusedtomeasurethe lagtime. When it ranged between ± 18 seconds, the first fall of the deceleration was considered äs the early deceleration. Only decelerations fulfilling one or both of the * (Pitocin, Parke Davis) ** The monitoring equipment used has been Mod 8021 A Hewlett-Packard or Mod FM2 Sonicaid Cardiotachograph. above criteria were considered äs early. Other concomitant changes in FHR (related to deceleration), such äs transient decelerations (pre or postdecelerations), Spikes, etc. were not taken into account for classifying purposes. The criteria for selection were met by 45 patients who were then classified according to the presence or absence öf umbilical cord complications at birth. In eleven of these patients, the umbilical cord was found to be wound around fetal neck or body or having true knots. In the remaining 34 patients no over t cord complications were found at birth. The records of these 45 patients were then classified according to the presence or absence of decelerations (positive or negative respectively), according to the above definitions. A minimum of three early decelerations in the 15 recorded uterine contractions was required to classify the tracing äs positive.
Results
Analysis of the 45 FHR records obtained before labor revealed an association between the presence of early decelerations and cord complications at birth (Tab. I). Only 4 fetuses showed early decelerations in the absence of overt cord complications (false positives) and one had a cord complication without evidence of early decelerations at the time of minitoring (false negative). This association was Among the ten patients with cord complications at birth, 124 early decelerations in the pre-labor record were available for analysis. The shapes of these early decelerations were not uniform and were of six main types (Fig. 1) . The most frequent one (present in 8 out of 10 patients) (Fig. l a) showed a transient acceleration in FHR prior to the deceleration. Early decelerations without any associated transient acceleration were found in 6 patients, either having a large or small amplitude ( Fig. Ib and f The first example is a record obtained at the 43rd week of amenorrhea. Uterine contractions were induced by intravenous oxytocin; the membranes were intact and the head not engaged at the time of monitoring. The tracing (Fig. 3) shows early decelerations which are quite constant in duration and shape. However, there is some variability in the pattern, mainly s a consequence of two facts: 1) not all the contractions produced early decelerations; 2) the amplitudes of the decelerations are not constant,in part due to the different amplitude of succession of contractions. This tracing could therefore be categorized by our criteria s an early deceleration, but also s a variable deceleration using HON's definition [11, 12] . Twenty-four hours later and under similar obstetrical conditions, the fetal heart rate record ( umbilical cord were found tightly wound around the fetal neck. The APGAR score was 7,7 and 9. Newborn weighed 3500 grams. The second example (Fig. 5 ) is a record taken prior to labor with the membranes intact and the fetal head not engaged. There was no dilation of the cervix. This record was classified s positive for early decelerations and the pattern was consistently consistant showing no evidence of a variable deceleration pattern. The decelerations were initially interpreted äs being produced by fetal head compression [l, 11, 12, 15] . However, because of the floating head and the absence of ruptured membranes, it was unlikely that the heart rate changes could have been caused by head compression. A t birth, 12 hours later, there was one loop of umbilical cord around the neck. The Apgar score of the newborn infant was 7, 7 and 9; the infant weighed 3500 grams. The third example is a recording of a fetal heart rate from a breech presentation at 41 weeks gestation (Fig. 6) . She was monitored 20 hours prior to the spontaneous onset of labor and the membranes were intact. The time relationships between the contractions and the decelerations are quite constant [13] and the record was classified äs positive, äs the early decelerations were clearly recognizable in almost 100% of the contractions. However, the tracing might also be classified äs variable based on the overall appearance and the shape of the decelerations corresponding to contractions l, 7, 8, 10 [l l, 12]. At birth one loop of cord was wound round the fetal neck. The infant weighed 3200 grams and the APGAR score was 8, 9 and 9 at l, 2 and 5 minutes. In the foregoing examples all of the infants were delivered in good condition and the early decelerations could be considered äs "innocuous". In the fourth example (Fig. 7) a pattern of early deceleration was seen, but in this instance the fetus died in utero. The tracing was obtained at 42nd week of pregnancy. The membranes were intact, the cervix was closed and the head was not engaged. This tracing was obtained two days before completing the 42nd week of pregnancy. It was interpreted äs early deceleration,erroneously attributed to fetal head compression, although this was very unlikely. A mild fetal tachycardia with a baseline rate of 160 beats per minute was overlooked. Because of these apparent "innocuous" early decelerations the pregnancy was allowed to proceed to complete the 42nd week. Unfortunately, the fetus died 48 hours later. At birth two loops of the umbilical cord were found tightly wound around the fetal neck.
Discussion
The results presented in this paper demonstrate that early decelerations, either alone or combined with transient accelerations of FHR and following variable or non-variable patterns were significantly present in cases in which the umbilical cord was likely to be compressed. It is unlikely that these decelerations could be attributed to fetal head compressions, since the membranes were intact and the head not engaged. The alternative explanation for them is cord compression. Several authors [l, 4, 5, 8, 11, 12, 13, 15, 19, 22] have postulated that uterine contractions may slow down the fetal heart rate by three different pathways: a) producing a generalized fetal hypoxia by interfering with the maternal circulation to the placenta; b) increasing fetal intracranial pressure; c) compressing the umbilical cord. Mechanisms b) and c) are summarized in Fig. 8 . Both compression of the fetal head and the occlusion of the umbilical cord can produce an early slowing of the FHR, since only a few seconds elapse between the onset of the Stimulus (contraction), the vagal discharge and consequent fetal bradycardia. If the occlusion is of short duration, the FHR will rapidly recover to the baseline level. It is therefore reasonable to conclude that a brief period of cord occlusion could produce early decelerations of short duration (type I dips) (Fig. 8, " rapid FHR fall"). The cord occlusion may, in addition, decrease the fetal heart rate following a slower pathway when the cord compression lasts long enough to produce generalized fetal hypoxia (see Fig. 8 , "slow FHR fall"). From experiments in the fetal lambs, BARCROFT [2] proposed that pathways were additive. The early and precipitous slowing of the FHR following complete occlusion of the cord was due to a vagal reflex. If the occlusion persisted the bradycardia would continue s a consequence of a generalized fetal hypoxia, further vagal Stimulation and depression of the fetal myocardium. Fpr these reasons, the Montevideo^ group inter-/ preted the prolonged FHR decelerations often seen accompanying cord compressions in the human fetus s the eventual contribution of these two components: 1) a purely reflex one (the type I dip or rapid component), and 2) a hypoxic one (the type II dip or slow component) (see Fig. 8 ) [l, 5] . This Interpretation has some experimental support in humans (see Fig. 2) [l, 11, 12, 13] . In clinical obstetrics the conditions that allow for compression of the umbilical cord during uterine contractions may vary from one contraction to another, particularly if both the fetus and the cord are mobile. Consequently, both factors, the reflex and the hypoxic, may combine to different degrees during successive contractions. This could account for the variable appearance of the cord compression pattern, äs described by HON [11, 13] . However, if the cord is relatively fixed, such äs being wound twice around the fetal neck, uniform uterine contractions will produce a uniform degree of occlusion with each contraction and a constantly repeated (or non-variable) pattern will result [5] . The characteristics of the early decelerations in FHR which we have observed suggest the presence of two conditions: 1) the uterine contractions occluding the umbilical cord for brief periods; this would explain the relative absence of the hypoxic slow component (late deceleration) and the presence only of the rapid reflex component (early deceleration in Fig. 2) ; 2) the physical relationships between the cord and some fetal or maternal part being constant, particularly if the cord was around the neck, with successive contractions, a similar degree of cord occlusion would occur. This could account for the regularly recurring early deceleration in our records. The clinical state of our patients was consistent with the presence of both of these conditions. The small regularly occurring contractions would have occluded the fixed cord repeatedly for short periods.
Our study has indicated a number of patterns which fit the category of early deceleration. A more detailed examination of these patterns is needed if potential hazards are not to be overlooked. A useful early indication is the transient acceleration of the heart rate occurring either before or after the deceleration (Fig. l, A, C, D) . This can be explained by partial occlusion of the umbilical cord [8, 9, 10] . JAMES and co-workers have recently demonstrated experimentally that partial occlusion of the umbilical cord can produce a cardiac acceleration of this type even without any deceleration occurring, and have proposed that it be an early warning sign of cord entangjement [14] . In interpreting the three generally accepted fetal heart rate patterns -early, variable, and late J. Perinat. Med. 6(1978) deceleration -errors are most frequently made in distinguishing between early deceleration due to compression of the fetal head which is benign and early deceleration due to compression of the cord. While the general classification into three major heart rate patterns has been useful, it is also an oversimplification. Variable deceleration, diagnostic of cord occlusion, is defined äs having "a variable time of onset, recovery and/or wave form". This definition applies primarily to those cases where the cord is mobile and will be compressed irregularly. It does not take into account those cases when the cord is relatively fixed, such äs round the neck, where it is susceptible to be compressed regularly and repeatedly with each uterine contraction. Under these circumstances the decelerations will not be variable in time of onset nor in recovery. Although it is difficult in retrospective analysis to be certain of the cause and effect relationship between cord complications and fetal death, our retrospective analysis is in agreement with that of OTT [16] in which umbilical cord complications accounted for 23% of stillbirths. Aslong äs early decelerations are always interpreted äs being due to head compression and are therefore "innocuous" or "benign", the potential hazard of a severe cord occlusion later during the course of labor will be overlooked.
Conclusion
Early decelerations occurring when compression of the fetal head is unlikely, often reflect cord compression [5] . If recorded prior to labor, such decelerations are often disregarded [6, 7, 18] either because they are considered just äs a sign of fetal head compression or because most of the pre-labor monitoring is at present devoted to the diagnosis of latent fetal distress [17] . From a clinical viewpoint the diagnostic significance of early decelerations should include the possibility of umbilical cord compression. They could then serve äs an important warning of impending fetal difficulty which could lead to prevention of fetal death or damage.
Summary
Cord compücations accounted for 62% of the fetal deaths that occurred in the Maternidad Santa Cristina in a period of about 2 years. Prelabor monitorings were then performed, in order to prove whether the early diagnose of cord compücations patterns could contribute to reduce the incidence of antepartum fetal deaths. As indicative of cord compression, it was decided to consider not oniy the variable pattern, but also, the early decelerations or type I dips, in those cases in which the obstetrical conditions were such äs to minimize the possibility of fetal head compressions during uterine contractions. The prelabor monitoring tracings obtained during a six month period were selected to fulfill the following conditions: 1) intact membranes, 2) normal amount of amniotic fluid, 3) unengaged vertex or breech presentations and 4) no cervical dilatation. These conditions were requested to diminish the likelihood of fetal head compressions during uterine contractions. The resulting group of 45 monitored patients was then classified according to the presence or absence of the ümbilical cord complications at birth. Fetal heart rate tracings were analyzed looking for early decelerations or type I dips [5, 11, 13] . Tracings showing the typical variable deceleration pattern [11] were excluded for this study. Type I dips or early decelerations were defined by the lagtime elapsed between the nadir of the FHR deceleration and the cenit of the corresponding contraction (±18 seconds). The tracings were classified in two groups: "positive", those having three or more early decelerations in the 15 recorded uterine contractions and "negative", those who have no type I dips. Examples of positive tracings aie shown in Figs. 3,4 ,5,6 and 7.
In the group of 45 fetuses thus selected, it was found an association between the preseiicfe of early decelerations and complications of ümbilical cord at birth (Tab. I). Falses positives and negatives were not frequent. The association resulted statistically significant. These type I dips appeared either isolated or following a non-variable pattern. The 124 early decelerations recorded showed different shapes and variable degrees of combination with transient fetal heart rate accelerations. The most common models found are shown in Fig. l . Our findings demonstrate that early decelerations are reflecting cord compressions, when they occur in the absence of fetal head compressions [5] , The most convenient way of identifying them has been their lagtime. They may appear occasionally (Fig. 3) or following a non-variable pattern (Fig. 4, 5, 6 ), if the relationships between the cord and fetal or maternal parts remain constant. They may combine with transient accelerations ofFHR, (Fig.l) . Decelerations produced by fetal head compression and by brief ümbilical cord occlusions, have probably a common vagal mechanism (Fig. 8) ; for this reason, they may have a similar shape, provided cord occlusion does not last long enough äs to develop a generalized fetal hypoxia. If recorded prior to labor early decelerations are often disregarded [6, 7, 18] , either because they are considered just äs a sign of head compression, or because prelabor monitoring is mostly intended to diagnose latent fetal distress [17] . But, from a clinical viewpoint, one should recall that the diagnostic significance of early decelerations includes the compression of the ümbilical cord. They could then serve äs an important warning of impending fetal difficulty which should lead to prevent fetal death or damage.
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